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When conservative treatments fail for chronic arthritis sufferers, total knee arthroplasty (TKA) is the treatment of choice. The number of primary and revision knee arthroplasties have increased from 129,000 in 1990 to 381,000 in 2002. 1 Rates of TKA procedures have increased by 15 and 59 per 100,000 persons every 10 yrs in primary and revision surgeries, respectively. 2 Among these patients, surgery rates for both primary and revision TKA procedures are 30 -67% higher in women than men. In addition, older adults (Ͼ65-84 yrs) have procedural rates of primary and revision surgeries 3.6 -4.5 times that of persons 45-64 yrs of age. 2 Regardless of age and gender, the rate of primary total knee arthroplasty increases with time, with the reported year-to-year increase between 4 and 11%. 2 However, although the number of arthroplasty procedures is increasing, it is unclear whether this trend will result in increasing inpatient rehabilitation hospital admissions. Because of a lack of data regarding the effectiveness of inpatient rehabilitation on improving function for arthroplasty patients, the Center for Medicare and Medicaid Services (CMS) has proposed to limit access to inpatient rehabilitation for these patients starting in July 2007. Therefore, it has become increasingly important to provide data that not only demonstrate the efficacy of inpatient rehabilitation, but indicate who derives benefit and what factors influence improved function from such services.
TKA patients without major perioperative complications (i.e., pain, fever, infection, acute blood loss anemia) are discharged to home within a week. 3 However, inpatient rehabilitation is becoming increasingly utilized by TKA patients because of increased numbers of TKA procedures and shorter postoperative length of stay. 4 Inpatient rehabilitation is also common in the presence of complicating factors such as comorbidities, and postoperative deconditioning and weakness. During the inpatient stay, patients perform activities and exercises to increase physical function and independence. Given the rapid increase in the numbers of TKA procedures and the projected increased utilization of inpatient rehabilitation services, it is imperative to understand the functional and economic outcomes of TKA patients completing rehabilitation programs and how patient characteristics impact those variables.
Both younger (Յ40 yrs) and elderly patients (Ն90 yrs) demonstrate long-term improvement in physical function in the years after TKA surgery. 5, 6 In addition, both men and women also show improvements after knee arthroplasty regardless of age. 7, 8 However, it is unknown whether age or gender influence the rate of physical function gains made during rehabilitation or rehabilitation outcomes. It is also unknown whether age and gender differentially affect rehabilitation outcomes in primary vs. revision TKA patients. Therefore, the purpose of this study was to examine the effects of age and gender on the functional gains, length of stay (LOS), total hospital charges, and discharge disposition of primary and revision patients admitted for inpatient rehabilitation after TKA.
METHODS

Study Design
The design was a retrospective study utilizing data from the computerized medical records system of university affiliated rehabilitation hospital, with patient admission dates between January 1, 2002 and March 31, 2005 . This investigation was approved by the Human Investigation Committee at the University of Virginia.
Subjects
Patients with diagnoses of either primary TKA (n ϭ 286) or revision TKA (n ϭ 138) were identified as subjects for this study by the investigators. Subjects were stratified by gender and age with the three age brackets consisting of Ͻ60 yrs, 60 -70 yrs, and Ͼ70 yrs. These age brackets were chosen to determine whether a continuum of outcome responses occurs across the age spectrum. Ethnicity was recorded. Major comorbidities were identified from patient admission records and recorded.
Study Variables
Patient descriptive variables included age, gender, and number of comorbidities. The number of comorbidities was consolidated for each patient and presented as a total number. The criterion measures selected from the computer database were length of stay (LOS), FIM™ scores at admission and discharge, total rehabilitation hospital charges, and discharge disposition.
Functional improvement during inpatient rehabilitation is commonly measured using the FIM™ instrument. 9, 10, 11 The FIM™ instrument estimates performance during tasks that can be broadly categorized as activities of daily living, mobility, and cognitive domains with a total possible score of 126. 9 As an estimate of the functional gain during the rehabilitation intervention, a FIM™ efficiency score was reported. FIM™ efficiency was defined as the change in FIM™ score from admission to discharge divided by the length of stay (FIM™ efficiency ϭ FIM™ points gained/total days). conducted under the leadership of a physiatrist. Each patient received approximately 3 hrs of supervised therapy daily from both physical and occupational therapists. Therapy sessions were conducted twice daily (morning and afternoon). During therapy sessions, patients engaged in activities to increase flexibility and range of motion, improve independence with performing activities of daily living, and improve gait, balance and proprioception. Patients received instruction regarding the use of assistive devices for ambulation as appropriate. Patients used a continuous passive motion machine for the operative knee for 6 -8 hrs daily, unless otherwise instructed by the orthopedic surgeon. Additionally, patients were placed on an oral pain medication regimen to limit the influence of pain on therapy participation. This regimen was adapted based on effectiveness or the patient's prior history of pain medication use. Further therapeutic interventions from speech pathology or pain psychology were provided on a caseby-case basis if necessary.
Statistical Analyses
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) software (version 11.5). All data are expressed as mean Ϯ SE of measurement (SEM). Multivariate analyses of variance (MANOVA) were used to determine age, gender, and TKA type on the main outcome variables of FIM™ scores, FIM™ changes, length of stay, FIM™ efficiency, and hospital charges. Simple main effects were analyzed using a one-way analysis of variance (ANOVA). A repeatedmeasures analysis of variance (ANOVA) was performed on FIM™ score from admission to discharge. The dependent variable was FIM™ score, with the group factor (TKA type) and time (admission, discharge). Group ϫ time interactions were analyzed using a Tukey post hoc test. An analysis of covariance (ANCOVA) was performed to evaluate discharge FIM™ scores for the two-and fourgroup models. Admission FIM™ scores were used as the covariate, and the predicted means generated by the ANCOVA were analyzed using a one-way ANOVA. Because of different sample sizes among the TKA and gender groupings, differences in discharge disposition were analyzed with a nonparametric test, the Kruskal-Wallis test. A priori alpha levels were set at 0.050 for all statistical tests. FIM™ efficiency could potentially be influenced by or associated with age, gender, number of comorbidities, and baseline FIM™ scores. Pearson correlations were used to examine the association of patient characteristics on FIM™ efficiency. A Bonferroni correction was used to adjust for multiple comparisons, and the alpha level was set at 0.008 for these correlations. Table 1 contains the participant ages. The table presents data for men and women in the three age brackets for both the primary and revision groups. As expected, there was a significant effect by age (F ϭ 575.7, P ϭ 0.0001). There was no significant interaction between gender, age, and TKA type for the number of comorbidities (F ϭ 0.631, P ϭ 0.532). The number of major comorbidities ranged from 5 to 8 for all groups, with no significant difference in the frequencies of the comorbidities between TKA type, age, or gender. There were no differences in the distribution of ethnicities (white, African American, Hispanic) among TKA types, gender, or age bracket (all P Ͼ 0.05).
RESULTS
Participant Characteristics
FIM™ Scores
FIM™ scores at the time of admission and discharge are presented in Table 2 . All groups demonstrated significant increases in FIM™ scores from admission to discharge (F ϭ 3.509, P ϭ 0.015). Among all patients, primary TKA patients had higher admission and discharge FIM™ scores compared with those of revision TKA patients (both P Ͻ 0.0001). Men demonstrated higher FIM™ scores than women at admission (F ϭ 12.375, P Ͻ 0.0001) and discharge (F ϭ 9.563, P ϭ 0.002). With regard to age, admission FIM™ scores were lower in patients Ͼ70 yrs compared with those Ͻ60 yrs (F ϭ 5.238, P ϭ 0.006), but discharge FIM™ scores were not different among all three age brackets (F ϭ 1.190 P ϭ 0.305). TKA type by age and gender interactions were not found to be significant at admission or discharge. The raw FIM™ score changes (Discharge FIM™ score Ϫ Admission FIM™ score) from admission to discharge are presented in the last col-umn of Table 2 . No significant interactions (TKA type, gender, age) were found in the FIM™ change scores (P Ͼ 0.05). These data indicate that similar FIM™ gains were made by all groups regardless of TKA type, age, or gender. 
Length of Stay
Rehabilitation hospital length of stay (LOS) values are presented in Figure 1 . Among all patients, primary TKA patients had shorter LOS than revision patients (F ϭ 10.887, P ϭ 0.001). In addition, older patients had longer LOS than younger patients less than 60 yrs of age (F ϭ 5.20, P ϭ 0.004). Also, women stayed longer for inpatient rehabilitation than men (F ϭ 5.332, P ϭ 0.021). TKA type by age and gender interactions were not found to be significant (F ϭ 1.948 and 1.397, P ϭ 0.144 and 0.238, respectively). The overall interaction was not found to be significant (F ϭ 0.038, P ϭ 0.963).
FIM™ Efficiency
FIM™ efficiency scores (FIM™ points gained per day/LOS in days) are presented in Figure 2 . Among all patients, FIM™ efficiency scores were higher in the primary than in the revision TKA patients (F ϭ 11.582, P ϭ 0.001). Also, men had higher FIM™ efficiency scores than women (F ϭ 11.273, P ϭ 0.001). There was no main effect for age (F ϭ 0.744, P ϭ 0.476). There were no significant FIM™ efficiency interaction terms for TKA, gender, or age. Pearson correlations were significant for FIM™ efficiency scores and gender (r ϭ Ϫ0.179; P ϭ 0.0001) and admission FIM™ scores (r ϭ 0.259; P ϭ 0.0001), but not for number of comorbidities (r ϭ Ϫ0.107; P ϭ 0.027) or age (r ϭ Ϫ0.077; P ϭ 0.115).
Rehabilitation Hospital Charges
The results of the analyses for the rehabilitation hospital charges are shown in Table 3 . Total charges and charges per day are presented. Among all patients, simple main effects revealed that total charges were higher for the revision than the primary TKA patients (F ϭ 4.066, P ϭ 0.044) and for women compared with men (F ϭ 6.013, P ϭ 0.015). There was a significant effect for age on total charges (F ϭ 6.013, P ϭ 0.015). The interaction term of age, gender, and TKA type, however, was not found to be significant for the total charges (F ϭ 0.975, P ϭ 0.378).
When adjusted for length of stay, hospital charges were significantly different between TKA patient types (primary $10,810 vs. revision $12,703; F ϭ 4.066, P ϭ 0.044). Also, gender differences in daily cost were not significant (F ϭ 0.161, P ϭ 0.689). The patients of the 60-to 70-yr
FIGURE 2 FIM™ efficiency scores (FIM™ points gained/LOS in days) after primary and revision total knee
arthroplasty. Values are means Ϯ SEM. * Significantly different from primary TKA in comparative age and gender group; † different from men in the corresponding age bracket at admission or discharge, ‡ significantly different from men within the same TKA type and age grouping, all at P Ͻ 0.05. age grouping tended to have higher daily costs than the Ͻ60and Ͼ70-yr-old groups, although this was not found to be statistically different (F ϭ 2.830, P ϭ 0.060). Finally, no TKA type, gender, and age interaction was found to be significant.
Discharge Disposition
The results for discharge disposition are presented in Table 4 . A greater number of patients were discharged to home from the primary TKA (97.6%) when compared with the revision TKA group (78.3%; 2 ϭ 42.557, P ϭ 0.0001). Regardless of TKA type, frequencies to each discharge disposition were not different between men and women ( 2 ϭ 0.327, P ϭ 0.849) or among the three age brackets ( 2 ϭ 1.284, P ϭ 0.257).
DISCUSSION
This is the first study to report gender and age effects on functional outcomes after inpatient rehabilitation in unilateral TKA patients. FIM™ scores, LOS, total hospital charges, and discharge disposition of patients admitted after total knee arthroplasty were examined. The major findings were that inpatient rehabilitation after revision TKA was longer and more costly than after primary TKA. Regardless of TKA type (primary or revision), women demonstrated longer LOS and lower FIM™ efficiency than men. Advancing age is associated with longer LOS, greater percentage gain in FIM™ score, and higher total hospital costs.
Age Effects on Rehabilitation Outcomes
Physical function in the inpatient rehabilitation setting is evaluated using the 18-item FIM™ instrument. 9 This instrument is composed of cognitive and physical domains that are evaluated in each patient by the rehabilitation team. Admission FIM™ scores in this study were lowest in the Ͼ70-yr age bracket for both men and women. After rehabilitation, gains in FIM™ score were similar among all groups, with the greatest FIM™ gain made (28.6 points, a 40% gain in function) in women Ͼ70 yrs. Also, FIM™ efficiency was higher in the primary than in the revision TKA patients (3.68 vs. 2.77 points/day). In this analysis, the FIM™ gains from admission to discharge were similar to those reported previously in the literature and in the UDSMR ® national database (n ϭ 85,000 TKA patients). 9, 12, 13, 14 The UDSMR ® database reported an average FIM™ gain of 29 points after inpatient rehabilitation, and an average FIM™ efficiency of 3.58 points gained per day. In a study of over 11,000 total (1,000 orthopedic) patients examining the validity of using the FIM™ instrument during inpatient rehabilitation to measure outcomes, Dodds et al. 9 found a change in FIM™ score of 22 for orthopedic patients. Grissom and Dunagan 14 found a FIM™ change of 25.9 after inpatient rehabilitation for TKA. The reported FIM™ scores were for all TKA patients and not by primary or revision status. The results from these studies compare favorably with those the patients in the present study ( Table 2) . With regard to age effects on inpatient rehabilitation, several studies previously reported that poorer rehabilitation outcome (FIM™ gain, FIM™ efficiency) in various rehabilitation populations is associated with aging, especially in patients with lower initial FIM™ scores. [15] [16] [17] The previous data are in contrast to our findings, such that our old and young patients demonstrated similar rehabilitation gains in FIM™ points. FIM™ efficiency was not influenced by age in this study, suggesting that age per se does not compromise the rate of functional improvement during rehabilitation in this population.
Independent of gender and TKA type, advancing age was associated with a longer length of stay, with the average TKA patient of Ͻ60 yrs and Ͼ70 yrs remaining in the hospital for 8.9 and 10.4 days, respectively. Our LOS data agree with previous studies in the literature. 17 The average LOS re- The percentage of patients is shown with the number of patients in parentheses. * Different from primary TKA at P Ͻ 0.05. SNF, skilled nursing facility. ported by the UDSMR ® database from 2002 to 2004 was 9 days for TKA. In general, older revision patients had longer LOS than younger patients regardless of gender. A potential explanation is that older patients with revision may be tentative about rehabilitation exertion based on prior postoperative experience. Fears of dissatisfaction, 18 another potential surgical failure, or complications after TKA, have been documented. Alternatively, the older patients may be sedentary, partially dependent on others, or have severe muscle weakness or sarcopenia. Finally, comorbidities such as diabetes may have delayed wound healing or caused infection complications 19 during rehabilitation, requiring complex management and a longer LOS. One or more of these factors may necessitate longer postsurgical rehabilitation to achieve the same FIM™ gains as the younger patients.
Primary TKA patients had lower hospital charges than revision patients. Among all patients, however, age influenced the total hospital charges. Total charges were higher in the average patient Ͻ60 yrs ($10,624 Ϯ 958) compared with the patient Ͼ70 yrs ($12,711 Ϯ 528), whereas the average daily hospital charges did not differ by age. The higher costs accrued by the older patients were likely due to slower functional gains during rehabilitation and the longer LOS. These findings are in contrast to those reported by Walker et al., 20 who found no significant differences in primary and revision total hip arthroplasty patients after rehabilitation ($10,196 vs. $10,625). Given that this previous work did not analyze cost data by gender or age and had a lower sample size than the present study (n ϭ 78), it is likely that Walker et al. may not have had adequate power to detect significant cost differences between hip arthroplasty types that tended to be different at P ϭ 0.07.
Gender Influence on Rehabilitation Outcomes
Previous reports indicate that both men and women experience similar outcomes after total knee arthroplasty. 8 However, women have been reported to have a worse functional status and more disability before surgery than men. 21, 22 This is similar to the data shown here, in that women were admitted with lower FIM™ scores than men after TKA independent of age and TKA type. Women demonstrated similar percent FIM™ changes as men but at a lower FIM™ efficiency. Katz et al. 21 reported similar patterns in women; after TKA, spinal stenosis laminectomy, and hip arthroplasty, women showed comparable or greater functional improvement than their male counterparts. An interpretation of these findings is that women may undergo TKA at more advanced stages of degenerative disease, 21 thereby placing them in a position to derive the most benefit from surgery and rehabilitation. Whereas raw FIM™ score changes were similar among men and women, the FIM™ efficiency was lower in women than men.
In the present cohort, regardless of age, women required a greater LOS to obtain full rehabilitation benefits when compared with men. Rehabilitative LOS was longer in women than in men after primary or revision TKA by an average of 1.5 Ϯ 0.5 days. There is a paucity of research regarding the gender effect on LOS and subsequent hospital costs during inpatient rehabilitation after TKA. However, other reports of inpatient rehabilitation in persons with other conditions such as spinal cord injury and acute myocardial infarction indicate that gender effects are mixed. Greenwald et al. 23 reported no gender effect on LOS (21 days for men vs. 19.7 days for women) or daily hospital charges ($3721 for men vs. $3934 for women) in spinal cord injury patients during inpatient rehabilitation. However, Wolinsky et al. 24 showed that women had an increased length of stay and total hospital charges compared with men in a cohort of myocardial infarction patients. Our data and those of Wolinsky suggest that women tolerate degenerative diseases for longer before accepting TKA surgery and rehabilitation as an option. 24 The delay in undergoing TKA may have led to a greater level of cartilage degeneration and joint space narrowing in women compared with men. Extensive damage likely required longer time for postoperative recovery and rehabilitation, which translated to greater total hospital charges for women.
Discharge Disposition
Age or gender did not influence discharge disposition after TKA. Similar rates of discharge to home were observed among all groups. Comparative data are scarce regarding discharge disposition in arthroplasty patients after rehabilitation. The only existing data regarding discharge disposition in knee and hip arthroplasty patients are contradictory; one study reported a greater discharge rate to home in primary vs. revision TKA patients, 25 whereas the other study in total hip arthroplasty patients found no differences in discharge disposition. 20 Neither of these studies examined whether age or gender influenced discharge disposition.
The decision to discharge a patient from inpatient rehabilitation as well as the discharge disposition depends on many variables. At our institution, patients typically stay until they have met the functional goals established by the interdisciplinary rehabilitation team, or it is determined that they will not substantially improve their function by remaining in the inpatient rehabilitation setting. The patients from out facility typically are discharged to home, but may be discharged to a skilled nursing facility (SNF), assisted living facility, or be transferred back to acute care hospital. These decisions are based upon the person's ability to care for themselves independently, or if someone is available to assist them at home. Other times, patients may be discharged to a SNF or assisted living because that was where they were residing before the arthroplasty procedure. Our goal is to discharge the patient to the least restrictive, but safest environment possible. A small percentage of patients from the present study group were discharged back to the acute care hospital for reasons such as new onset atrial fibrillation, pulmonary embolus, and prosthetic infection.
CONCLUSION
Age and gender influence the outcomes during inpatient rehabilitation. Both primary and revision TKA patients make improvements in functional independence during inpatient rehabilitation. Although FIM™ gains were similar among age and gender groups, FIM™ efficiency is lowest in women. Despite similar daily hospital costs among the groups, a reduced rate of functional improvement (decreased FIM™ efficiency) increases the LOS and total hospital charges, especially in older women. These findings support previous studies that emphasize earlier TKA intervention in persons likely to undergo TKA. Further, these data indicate that TKA type, age, and gender should be considered when determining discharge date and disposition after inpatient rehabilitation. It is noteworthy to mention that this investigation examined patients with unilateral TKAs only; no bilateral TKA patients were included in the data analysis. Because bilateral TKA has been identified by the CMS as one of the criteria for access to inpatient rehabilitation, future investigations should examine the response of bilateral TKA patients to inpatient rehabilitation.
